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We, Commonwealth Scientific antj In- 
dustrial Research Organization, a body 
corporate established under the Science and 
Industry Research Act, 1949, carrying on 
scientific and industrial research, of 314 
Albert Street, East Melbourne, in the State 
of Victoria, Commonwealth of Australia do 
hereby declare the invention, for whidh we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: 

The invention relates to a method and 
apparatus for the aseptic propagation of 
microbial cultures for industrial use. 

Bacterial, yeast and mould cultures (herein- 
after referred to as "microbial cultures") are 
used in many industrial fermentation pro- 
cesses, e.g. wine and beer making, and in 
the dairy products industry in the manufac- 
ture of cheese, yoghurt, cultured cream and 
cultured buttermilk. In all these processes 
a substrate, usually a carbohydrate, is con- 
verted by the action of the micro-organisms 
to acids or alcohol, or a mixture of these, 
or other end products, and the cultures are 
selected on their ability to produce the de- 
sired result. 

Since various species and types of micro- 
organisms differ from one another qualita- 
tively or quantitatively in their biochemical 
activities, it is highly desirable to main- 
tain the selected cultures in a pure state, 
that is to say, free from contamination by 
other micro-organisms and undesirable ex- 
traneous organic or inorganic matter. For 
this reason, the cultures are propagated in 
sterile media and sterile utensils or appara- 
tus. 

In many cases the cultures are made up first 
in a small volume, sometimes called the 

\Price 4s. 6d.l 



"mother culture", from Which a larger volume, 
sometimes called the "bulk culture", is made 
for the purpose of inoculating large batches 
of die material or substrate to be conver- 
ted on an industrial scale. 

1 1 the manufacture of cheese, several spe- 
cies of bacteria from among the lactic strepto- 
coc:i and lactobacilli are used for the pur- 
pose of conversion of lactose into lactic acid 
as well as several other reactions all of 
wh.ch influence the quality of the cheese. 

Cultures of these bacteria are usually called 
cheese starter cultures or cheese starters. Since 
they are required for the inoculation of every 
batch of milk to be converted into cheese, 
they have to be propagated in the cheese 
factories from day to day. It is essential in 
the propagation of these starter cultures to 
use: aseptic techniques in order to minimise 
or to exclude their contact with unsterile 
material, including air, and thus prevent their 
contamination with other bacteria, yeasts, 
moulds and also with viruses known as bac- 
teriophages, which are capable of lysing or 
vbtually destroying these cultures with con- 
sequent failure of one of the main biochemi- 
cal processes in the manufacture. 

In industrial practice, the cheese starter 
cvltures are usually propagated in two stages. 
Tie first, or mother culture, stage, is made 
up first and serves as an inoculum for the 
bulk culture. 

The mother cultures are normally pre- 
pared in sterilized milk in sterilized flasks 
or other utensils. After incubation at the 
required temperature, the mother culture is 
transferred to the bulk starter vessel where 
it serves as an inoculum. The transfer from 
ti e mother culture to the bulk starter ves- 
sel should be done aseptically, since in spite 
cf aseptic propagation up to this stage, con- 
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taminaaon may occur at this point, leading 
to a contaminated bulk culture. Under iadus- 
trial conditions, a completely aseptic irans- 
fer is difficult to achieve even in tfce iiands 



vessel under aseptic conditions, retaining por- 
tion of the incubated culture in the con- 
tamer to serve as an inoculum for a fresh 
of trained personnel With relarivMvn^X^ ^jure, supplying fresh sterilized medium 
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sary in cheesemaking to use oot one but 
several cultures in order to minimize "thi- risk 
of contarninarion particularly with bacterio- 
phage at all stages of culture propagation, 
and also in the cheese vat. A scheme has 
therefore been evolved, in which a so cilled 
bacteriophage-unrelated culture, or a pax of 
such cultures, is used on the first day, fol- 
lowed by another unrelated culture, or pair 
of such cultures, on the next day, followed 
by yet another unrelated culture, or pair 
of such cultures, on the third day. On the 
fourth day, the first culture, or pair of 
such cultures, is used again and the scheme 
is repeated again and again. In inter sive 
manufacture it may be necessary to ex::end 
this rotation by using as many unreined 
cultures as possible. In this way criricai 
concentrations of bacteriophage, capable of 
destroying any of these cultures, can be 
avoided. 

It follows from this scheme that not 
one, but many, starter cultures must be 
propagated in the factory and because moiher 
cultures, unless deep-frozen, do not readily 
survive even in a refrigerator for more tian 
about three days, they must be re-propagated 
even tf not actually required for the inoci la- 
tum of bulk cultures. Under prevailing on- 
ditions the risk of contamination at re-pro 3a- 
gation is similar to that at the point of 
transfer from the mother culture vessel to 
the bulk starter vessel 

It is accordingly the principal object of 
this invention to substantially eliminate or 
reduce the risk of contamination in ihe 
propagation of mother culnires and in thnr 
transfer from the mother culture vessel to 
the bulk culture vessel 

A further object is the provision of appara- 
tus by means of which a microbial cuittre 
can be transferred from one container to 
another while minimizing or avoiding coi- 
tact with any unsterile material, including 
air. b 

Other objects and advantages of the in- 
vention will become apparent to those skill* d 
in the art as the ensuing description pr<n 
ceeds. 

According to one aspect of this invention, 
there is provided a process for the aseptic 
propagation of microbial cultures compil- 
ing the steps of aseptically transferring steril- 
ized medium to a sterilized container, inocu- 
lating the medium in the container under 
aseptic conditions, incubating the inoculated 
culture under aseptic conditions, transferrin;; 
portion of the incubated culture to anothe' 



The invention also includes apparatus for 
the aseptic propagation of microbial cultures 
comprising sterilizing means, a container suit- 
able for the growth of microbial cultures, 
connections between the container and a ves- 
sel into which a culture grown in the con- 
tamer can be passed, connections between 
the sterilizing means and the container, and 
valve means in said connections, the ar- 
rangement being such that both aseptic pro- 
pagation of microbial cultures within the 
container and the aseptic transfer of microbial 
cultures from the container to the vessel 
can be effected, the connections between 
the container and the vessel being arranged 
so as to ensure that a portion of the con- 
tents of the container remains in the con- 
tainer when a culture is transferred from 
the container to the vessel. The apparatus 
preferably includes an air or gas sterilizing 
filter for admission of sterile air or gas to 
the container. Preferably, the container con- 
nections are such that the container may 
be readily detached from the system and 
re-connected thereto when desired in such 
manner that the connections can be readilv 
re-sterilized. 

In order that the invention, and a practi- 
cal application thereof, may be more fully 
understood, reference will now be made by 
way of example to the accompanying draw- 
ings, wherein: — " J 

Figure 1 is a side view of apparatus 
according to the invention for the aseptic pro- 
pagation of bacterial cultures suitable for 
use ^ in cheesemaking, and 

Figure 2 is an enlarged view of part of 
the apparatus shown in Figure 1. 

As shown in the drawings, there is pro- 
vided_an^ autoclave A in which "steam/ can 
be generated to the required pressure and 
then supplied -;tjD a jacketed /^container M 
used for the propagation of mother "cul- 
tures. A bulk culture vessel V (commonly 
known as a bulk starter vessel) is arranged 
to receive cultures from the container M 
through a two-way valve 4, a sealed joint 
S and a four-way valve 5. Connection be- 
tween the autoclave A and the container 
M may be effected through four-way valve 
2 sealed joint 10, water-jacketed manifold 
16, two-way valve 4 and pressure tube 13 
A steam oudet passage 19 connected be- 
tween the autoclave A and valve 2 includes 
the four-way valve 1 which is, itself in 
communication with the connection between 
the joint 9 and the valve 5. The latter con- 
nection is connected to a joint 11 leading 130 
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to a three-way filter valve 6 and an air or 
gas filter 17. Also connected to the valve 
5 is a pressure relief valve 1'8 and bleed. 
The valves 1, 3 and 6 lead in one of their 

5 positions to the exterior of the system thus 
providing air, steam or liquid bleeds for 
the system. The container M is provided 
with a pierceabie membrane which is pro- 
tected by a removable threaded sealing cap 

10 12. 

Ail the parts of the assembly described 
above are permanently attached to the auto- 
clave A with the exception of (a) the filter 
valve 6 and the air or gas filter 17 which 

15 sub-assembly can be detached from, or at- 
tached to, the system via the joint 11, and 
(b) the water-Jacketed manifold sub-assembly 
which includes valves 3 and 4 and the con- 
tainer M, the manifold being detachable from, 

20 or attachable to, the remainder of the sys- 
tem through the joints 8, 9 and 10. The 
water-jacket of the manifold is connected 
through joints 14 and 15 to a cooling water 
inlet and a cooling water outlet respec- 

25 tively, the inlet including a control valve 
7. 

In a typical process according to Che 
invention, steam is .generated in the auto- 
clave A and this steam is allowed to pass 

30 from the autoclave through valve 1, joint 
10, manifold 16, valve 4, pressure tube 13, 
container M, valve 3, joint 9, filter valve 
. 6 and thence to atmosphere through the 
bleed. The steam may simultaneously or 

35 subsequently also be permitted to pass from 
the manifold 16 through valve 5 to atmos- 
phere 

After the air has been evacuated from the 
system by the passage of steam through the 

40 apparatus in this manner, the air and steam 
outlets are closed and steam pressure to 
at least 15 p.s.i. gauge is developed by 
heating the autoclave. In this case, the steam 
will pass out of the system through the 

45 bleed of the relief valve 18 instead of 
through the bleed from the filter valve 6 
as in the previous step. The valve 5 may 
be initially closed but later opened so as 
to allow the passage of steam therethrough. 

50 In this way, the valves I, 3, 4 and 5, the 
various irrter-connecting passages and the 
container M. are sterilized. 

By suitably adjusting the valve 1, the 
autoclave A is isolated from the rest of the 

55 system, allowed to cool, the lid is opened 
and a suitable quantity of liquid medium, 
for example milk, placed thereia The auto- 
clave is then closed and heated in order 
to sterilize the medium therein, the air from 

60 within the autoclave being forced out by 
steam generated from the liquid medium. 
In order to thoroughly sterilize the medium 
in the autoclave, the steam pressure in the 
autoclave is allowed to rise to at least 15 
65 p.s.i. gauge. At this stage, cooling water 



is caused to circulate around the manifold 
It, entering the same through joint 14 and 
leaving the same through joint 15. 

After the liquid medium in the autoclave 
has thus been thoroughly sterilized, it is 70 
a! .owed to cool to a temperature of about 
9t°¥ and transferred through valve 2, mani- 
fold 16 {which has meanwhile been cooled 
to about 65 °F) and valve 4 to the con- 
tainer M, valves 1 and 3 being adjusted to 75 
allow a return passage for vapour between 
the container M and the autoclave. 

Since air, oxygen, carbon dioxide or other 
gi.s may be required for active growth of 
micro-organisms in the container M, this 80 
vessel is then isolated from the autoclave 
and is connected through valves 3 and 6 
with the air or gas filter 17. This filter 
is preferably constructed to have, as a filter- 
ing medium, a compacted layer of cotton wool 85 
or: any other material which will permit 
ti e passage of air or gas, but will trap and 
thus remove any micro-organisms or bacterio- 
paages. The filter itself, together with its 
isolating valve 6, is removable for steriliza- 90 
tion in a sterilizing oven before being fitted 
to the assembly. Air or gas, after passing 
through the filter, will not contain any viable 
matter and can -therefore be considered as 
sterile for the purpose of this invention. After 95 
tie sterile air or gas has thus been ad- 
mitted to the container M through the 
filter, the container is isolated from the rest 
of the system and from the air or gas supply 
by closing the valves 3 . and 4, and the 100 
rianifoid is flushed out with cold water 
vhich passes into the autoclave through the 
\alve 2 and then passes through valve 1, 
j>int 10, joint 8 and finally leaves the sys- 
tem through the valve 5. The container 105. 
and its associated manifold is then detached 
from the test of the system through joints 
J;, 9, 10, 14 and 15 for aseptic inocula- 
tion and incubation. 

As will appear hereinafter, it is necessary 110 
to carry out a special inoculation procedure 
<nce only, as thereafter, medium transferred 
r o the container will be automatically inocu- 
lated by a portion of the incubated cul- 
ture remaining in the container from a pre- 115 
^ious run. 

For the purpose of the initial inoculation, 
he sterile liquid medium in the container 
s brought to the required temperature and 
s inoculated with a pure culture cf the seiec- 120 
:ed micro-organism by means of a hypo- 
iermic syringe, the needle of which is in- 
iroduced into the container through the pierce- 
ible membrane which is exposed after re- 
moval of the cap 12. The contents of the 125 
container are then incubated at a suitable 
temperature until sufficient microbial popula- 
tion develops to serve as a mother cul- 
ture. 
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In this way, a number of mother cultures' 
of the same micro-organism or of different 
strains or different species of micxo-organims 
can be prepared. A mother culture pre- 
pared in this way can eiiher be used imme- 
diately for inoculating the bulk starter or 
can be deep-frozen and stored in that state 
until required, 

-. When a particular mother culture is re- 
quired for use as an inoculant for the pro- 
duction of a bulk starter culture, the con- 
tainer containing the mother culture concern id, 
whether in the liquid or the deep-frozen 
state, is re-connected together with its ma ri- 
fold to the system through the joints 8, 
9, 10, 14 and 15. The residual flushing 
water is then drained from the autoclave 
through valve 2. 

After the container has been reconnected 
to the system, the valves 3 and 4 remtin 
closed and steam generated in the autoclave 
is caused to pass through valve 1, manifold 
16, joint 8, valve 5 and thence to atmos- 
phere. This flow of steam evacuates air frcm 
the autoclave and the connecting passages 
and valves. The autoclave is then further 
heated to raise the steam pressure to at 
least 15 p.s.i. gauge in order to thoroughly 
sterilize all the connections up to the coi- 
tainer valves 3 and 4. For this purpose, 
the valve 3 is adjusted to allow steam to blei:d 
to atmosphere therethrough and the valve 
5 is adjusted to allow steam from the mani- 
fold to pass through the valve to the 'bleid 
of the relief valve 18. Such a sterilizing 
procedure should be maintained for a perird 
of at least 15 minutes. 

Whilst this sterilization is being effec- 
ted, the container M is held at a suitab.e 
temperature. If the mother culture in tl e 
container was in a frozen state when tie 
container was connected to ±e system, tie 
jacket of the container is wanned up 10 
a suitable temperature, e.g. 95 °F, in ordtr 
to thaw the contents completely. 

On completion of the sterilization, the 
valves 1 and 3 are adjusted so as to allow 
steam generated under pressure in the auto- 
clave to pass through the valve 1, joirt 
9 and valve 3 into the interior of ths 
container M. At the same time, valve 4 is 
opened and valve 5 is adjusted so as t> 
connect the manifold with the connection 
linking valve 5 with a bulk starter vessel 
V. As the steam entering 2the container 
through the valve 3 is under pressure, th«? 
liquid contents of the container will b«r 
forced to travel up the pressure tube 13, 
through valves 4 and 5 and into the bull: 
starter vessel. The position and length 0: 
the pressure tube 13 inside the container 
is such that some of the contents of the 
container will, however, always remain be- 
hind in the bottom of the container so thai: 
they can serve as inoculum for the nexr 



mother culture to be propagated in the con- 
tainer. 

In this way, an aseptic transfer of most 
of the mother culture is effected from the 
container M to the bulk starter vessel V. The 70 
latter is then isolated from the container 
by closing the connection between the valve 

5 ^ and the vessel. The container is like- 
wise isolated from the rest of the system 
by closing its valves 3, 4. 75 

The passages from the valves 3 and 4 
to the valve 5, to the air filter isolating valve 

6 and, if desired, the autoclave and its 
connecting passages are then rinsed with 
water and flushed with suitable washing and 80 
cleansing liquids in order to remove the resi- 
dues of the liquid medium or mother cul- 
ture. This rinsing is effected by connecting 
the autoclave and the various valves and 
passages to a supply of rinsing liquid via 85 
the valve 2 and flushing through, prefer- 
ably under pressure. 

After the transfer of most of the mother 
culture from the container M to the vessel 
V and the flushing of the connections, the 90 
passages connecting the autoclave to the con- 
tainer valves 3, 4 are purged cf air and 
sterilized by generating steam in the auto- 
clave and allowing this steam to circulate 
through the various connections so as to 95 
force air out to atmosphere through the air 
bleed in the valve 5, thereafter closing the 
air bleed and maintaining at least 15 p.s.L 
steam gauge pressure for at least 15 minutes 
whilst allowing the steam to pass through 100 
valve 5 on its way to the steam bleed out- 
let in relief valve 18. 

After this sterilization procedure, the valve 
1 is adjusted so that the steam outlet pas- 
sage 19 is connected to the bleed in valve 105 
1 thus isolating the autoclave from the 
valve and passage system. The autoclave is 
then opened and filled with sufficient liquid 
medium for the growth of a new mother cul-* 
ture. The autoclave is then reclosed and 110 
the medium sterilized in the manner des- 
cribed above. The sterilized liquid medium 
is then cooled and transferred to the con- 
tainer M through the previously steam-steril- 
ized connecting passages and valves. Some 115 
of the contents of the previous mother cul- 
ture left over in the container are thus mixed 
with the fresh batch of sterilized liquid 
medium and a new mother culture can now 
be grown after isolating the container, acrat- 120 
ing it if necessary as described above and 
maintaining it at temperatures suitable for 
the growth of the selected microbial cul- 
ture for the time required for the develop- 
ment of a new microbial population. Dur- 125 
ing this incubation period, the container M 
can be supplied, if required, with sterile 
air or gas by means of its connection with 
the air or gas filter. 

On completion of the incubation, the air 130 
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or gas supply to the container M is closed 
off and the new mother culture can be 
transferred to the appropriate bulk starter 
vessel V in the manner described above. 

5 Alternatively, after closing the valves 3, 4, 
the container and its associated manifold can 
be detached from the rest of the system and 
the new mother culture stored in a deep- 
frozen condition for use at a later date. 

10 Another mother culture may then be brought 
out of storage, its container attached to the 
system, the culture thawed if necessary, and 
then transferred asepticaJly to the appropri- 
ate starter vessel in the manner described 

15 above. 

It is evident from the above descrip- 
tion that when more than one strain or type 
of micro-organism is used, each of the strains 
or types has its own container M. The scheme 
20 thus permits of a multi-strain or multi-culture 
rotation. 

Valves 1, 2 and 5 and their interconnect- 
ing passages axe preferably combined in a 
single valve block assembly. The valves may 

25 be operated manually or in some other way 
such as pneumatically. If they are operated 
pneumatically, the sequence of operations may 
be automatically controlled by means of an 
electrically operated programme controller, a 

30 system of electrical interlocks being provided 
to ensure that the timing system operates 
correctly. 

The process as described in detail above 
will be seen to comprise the following fea- 
35 tures : — 

(a) Sterilization of the apparatus and 
medium for the growth of the micro- 
organisms of the mother culture; 

(b) Aseptic transfer of sterilized medium 
40 to a sterilized mother culture container 

connected to the sterilizing vessel; 

(c) Aseptic initial inoculation of the steril- 
ized medium in the mother culture con- 
tainer; 

45 (d) Aseptic incubation of the inoculated 
mother culture; 

(e) Aseptic transfer of the incubated mother 
culture to the bulk starter vessel; 

(f) Retention of part of the mother cul- 
50 tore in its container to serve as an 

inoculum for the next mother culture; 

(g) Supply of sterile medium under aseptic 
conditions to the mother culture con- 
tainer which has retained an inoculum 

55 from the previous mother culture; 

(h) Aseptic incubation of the new mother 
culture; 

(i) Preservation by deep-freezing of the 
mother culture in its container until it 

60 is required in the scheme of rotation for 

the inoculation of a bulk starter; 
(j) Aseptic transfer of the culture of the 
bulk starter after conversion from the 
frozen to the liquid state; 

65 (k) Aseptic preparation and preservation 



of a new mother culture in the manner 
described under (f), (g), (h) and (i). 
More generally, the invention will be seen 
to embody the steps of aseptically trans- 
ferring sterilized medium to a sterilized 70 
mother culture container, inoculating the 
medium in the container under aseptic con- 
diiions, incubating the inoculated mother cul- 
ture under aseptic conditions, transferring 
portion of the incubated mother culture to 75 
another vessel under aseptic conditions, re- 
ta. ning portion of the incubated mother cul- 
ture in the container to serve as an inoculum 
for a fresh mother culture, supplying fresh 
sterilized medium under aseptic conditions 80 
to the container, and incubating the fresh 
mother culture thus formed under aseptic 
conditions. 

It will be apparent that the above des- 
cribed specific embodiment of the appara- 85 
us of the present invention substantiallv 
eliminates the risk of contamination during 
inoculation at the mother culture stage and 
ai the transfer of the mother culture to the 
bulk starter vessel. The specifically described 90 
rrethod of carrying out the process of the 
ii.vention also has the advantage of pro- 
le aging the viability of the micro-organism 
concerned by permitting a culture of the 
nicro-organism to be stored in a deep-frozen 95 
s»ate. A further advance made possible by 
die said embodiment of the apparatus of 
tlie invention resides in the automatic pre- 
paration of mother cultures in sterile de- 
tachable vessels. Accordingly, it will be clear 100 
t iat the invention will enable considerable 
advances to be made in many industrial fer- 
mentation processes and particularly in the 
c.airy products industry concerned in the 
rianufacture of cheese and like products. 105 

WHAT WE CLAIM IS: — 

1. A process for. the aseptic propagation 
< f microbial cultures . comprising the steps of 
rseptically transferring sterilized medium to 
i. sterilized container, inoculating the medium 110 
in the container under aseptic conditions, in- 
tubating the inoculated culture under asep- 
tic conditions, transferring portion of the 
incubated culture to another vessel under asep- 
uc conditions, retaining portion of the incu- 115 
>ated culture in the container to serve as 
in inoculum for a fresh culture, supplying 
xesh sterilized medium under aseptic con- 
ditions to the container, and incubating under 
iseptic conditions the fresh culture thus 120 
formed. 

2. A process for the aseptic propagation 
oi microbial cultures comprising the steps of 
iseptically transferring sterilized medium to 
i sterilized container, inoculating the medium 125 
in the container under aseptic conditions, 
incubating the inoculated culture under asep- 
tic conditions, passing a sterile vapour under 
pressure into said container . to cause par- 
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tion only of the incubated culture to be 
transferred to another vessel, retaining por- 
tion of the incubated culture in the 'Con- 
tainer to serve as an inoculum for a fresh 
5 culture, supplying fresh sterilized medium 
under aseptic conditions to the container, 
and incubating under aseptic conditions the 
fresh culture thus formed. . 

3. A process as claimed in claim 1 or 
10 claim 2, and further comprising the rstep 
of sealing the container after incubation of 
the fresh culture therein and freezing the 
incubated culture in the sealed container to 
preserve the culture until required for ure. 
15 _ 4. A process as claimed in claim 3, ind 
further comprising the step of passing- a 
sterile vapour under pressure into said con- 
tamer to cause portion only of the thaw^d- 
20 sef CuitUre CO ,fa!e transferred to another ves- 

5. Apparatus for the aseptic propagat on 
of microbial cultures comprising sterilizing 
means, a container suitable for the grtKrth 
of microbial cultures, connections between :he 

25 container and a vessel into which a cukure 
grown in the container can be passed, con- 
nections between the sterilizing means a ad 
the container, and valve means in said a-n- 
nections, the arrangement being such that 

30 both aseptic propagation of microbial cul- 
tures within the container and the aseptic 
transfer of microbial cultures from the ccn- 
tainer to the vessel can be effected, the 
connections between the container and the 

35 vessel being arranged so as to ensure that 
a portion of the contents of the container 
remams in the container when a culture is 



transferred from the container to the ves- 
sel. 

6. Apparatus as claimed in claim 5, in 40 
which the connections between the container 
and the vessel comprise a tube the lower 
end of which is spaced from the bottom of 
the container. 

7. Apparatus as claimed in claim 6, in 45 
which the connections from the container 
to vessel and from the container to the 
sterilizing means enable the container to be 
disconnected from the system and re-connected 
thereto when desired, the said valve means 50 
enabling both said connections to be put 
into communication with the sterilizing means 
and thereby sterilized after re-connection of 
the container. 

8. Apparatus as claimed in any one of 55 
claims 5 to 7, and including a gas sterilizing 
filter for the admission of sterile gas to 
the container. 

9. A process for the aseptic propagation 
of microbial cultures substantially as herein- 60 
before described with reference to the accom- 
panying drawings. 

10. Apparatus for the aseptic propagation 
of microbial cultures constructed and arranged 
substantially as hereinbefore described and 65 
as shown in the accompanying drawings. 

For the Applicants : — 
G. If. MUNSTER & CO. 
Chartered Patent Agents 
Imperial Buildings 
56, Kingsway, 
London, W.C2. 
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